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More than 142.2 million people in the U.S. 
still live in counties that have unhealthy levels 
of urban air pollution.1,2

INTRODUCTION
National air quality has improved since the early 1990s. Trends 
in outdoor concentrations of all six commonly monitored air pollutants 
have declined over time with carbon monoxide, sulfur dioxide, nitrogen 
dioxide, and lead experiencing dramatic reductions during the last 
several decades. Despite these successes, air pollution in the United 
States continues to pose a public health threat that potentially affects 
millions of individuals. Two principal pollutants that show less 
dramatic declines over time—ozone and particulate matter—are 
associated with numerous adverse health outcomes, including 
increased hospitalization rates for respiratory and cardiovascular 
problems. Today, 42 % of the U.S. population still lives in counties 
where ozone or particle pollution levels are unhealthy.1

The picture for exposure of the U.S. population to other air pollutants 
known as air toxics, or hazardous air pollutants (HAPs), is much less 
clear. These pollutants might cause cancer, reproductive effects, and 
other significant health or ecological effects. Of the 187 hazardous air 
pollutants that are regularly tracked through emission inventories 
rather than air monitoring, benzene is the most widely tracked and 
is known as the national driver of cancer risk. Millions of people live 
in areas where hazardous air pollutants are estimated to be at levels that 
may pose potential health concerns.4

QUICK FACTS
Air is the only natural 
resource to which 
everyone is exposed 
throughout their entire 
lives.

National air quality 
has improved since 
the early 1990s, but air 
quality problems remain 
and present many 
challenges in protecting 
public health and the 
environment.1,2

National air quality data 
are limited because 
sampling is not compre-
hensive and varies widely 
in the frequency and the 
locations of sampling and 
the types of pollutants 
monitored at each 
of those locations.3
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TRACKING OUTDOOR 
AIR POLLUTION
Currently, the air quality of the entire United States 
is based on measurements taken at some 4,000 
outdoor monitoring sites operated by state and 
local authorities (Figure 1).3 While the purposes 
for sampling vary by location, many sites evaluate 
state or local compliance with federal air pollution 
standards, which regulate six primary pollutants 
considered harmful to the public’s health and the 
environment:

•	 Ozone
•	 Particulate matter
•	 Carbon monoxide
•	 Lead
•	 Nitrogen dioxide
•	 Sulfur dioxide

Monitoring of these six primary pollutants differs 
by site, with some measuring only a single air 
pollutant and others measuring multiple pollutants. 
Monitoring may be continuous, daily, weekly, or 
several times a month. Little or no monitoring may 
be conducted for the 187 air pollutants classified 
as hazardous air pollutants (HAPs). In the absence 
of monitoring, estimating population exposures 
requires computer modeling of HAPs and emis-
sions data supplied by local and state sources.3

Many public health professionals recommend sup-
plementing this existing air monitoring network to 
gather more data. For example, additional sampling 
could track average population exposures to air 
pollutants which, when analyzed with health outcome 
data on asthma, heart attack, stroke, and other cardio-
vascular and respiratory diseases, would yield new 
or more complete information about environmental 
health trends. These additional data could also help 
to strengthen current findings.

WHAT IS OZONE?
Ozone (O3) is a colorless gas that occurs naturally 
approximately 10 to 30 miles above the earth’s 
surface in the stratosphere. This “good ozone” forms 
a layer that protects the Earth from the sun’s ultravio-
let (UV) rays. In contrast, ground-level ozone, often 
labeled “bad ozone,” is the primary component 
of smog and can adversely affect health and damage 
the environment. Ground level ozone is produced 
during a chemical reaction involving nitrogen oxides 
and volatile organic compounds (VOCs) in the 
atmosphere. Significant sources of VOCs are chemical 
plants, gasoline pumps, oil-based paints, auto body 
shops, and print shops. Nitrogen oxides result 
primarily from high temperature combustion. Signifi-
cant sources are power plants, industrial furnaces and 
boilers, and automobiles. Strong UV radiation from 
the sun and warm air temperatures drive the reaction 
that produces high levels of ozone, which is why 
we see higher levels in summer months compared 
to winter months.

Figure 1. Roughly 4,000 state 
and local monitoring sites exist 
measuring outdoor air pollution.3
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HEALTH EFFECTS OF OZONE
One of the earliest notations about the relationship 
between air quality and health is attributed to Hip-
pocrates, writing in 400 B.C.E.5 Since then, the link 
between the air and many aspects of health has been 
well documented in thousands of studies.

Breathing in ozone is not healthy, and increased 
outdoor activity, such as among athletes, allows 
ozone to penetrate deeper into the lungs, into areas 
more readily injured.6,7 Ozone can damage cells that 
line the lungs and has been shown to affect children’s 
lung development.8 Repeated damage to these cells 
can lead to long-term health effects.

Short-term exposures to ozone have been associated 
with an increase in cardiovascular and respiratory 
hospitalizations and deaths.9 Some data suggest 
that excess disease and death occurs even at ozone 
concentrations below the current U.S. national 
standard.10,11 Ozone also is associated with such 
adverse health effects as

•	 Lung and throat irritation
•	 Lung inflammation
•	 Chest pain
•	 Wheezing
•	 Coughing
•	 Difficulty breathing
•	 �Aggravated bronchitis, emphysema, and asthma 

symptoms12,13,14,15

People vary widely in their vulnerability to the toxic 
effects of ozone. Populations at risk are those who 
typically spend long periods of time outdoors as 
well as other sensitive groups.6,16,17,18,19 Specifically, 
the following people can be at higher risk:

•	 Infants
•	 Children
•	 Adults who work outdoors
•	 Athletes of all ages
•	 The elderly
•	 People with respiratory disease,  

including asthma
•	 People with cardiovascular disease

Figure 2. Number of people (in millions) living in counties 
where ozone monitoring measurements were greater than 
the NAAQS 2001-200821
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WHAT ARE THE STATUS AND 
STAUS STATUS AND TRENDS 
FOR OZONE
From 1990–2012, measured levels of ground 
level ozone concentrations have declined 
nationally by 14%. During the 1990s, levels 
remained more or less steady and then began 
a notable decline after 2004.20 The ozone reduc-
tions stem from decreasing levels of summer 
emissions of nitrogen oxides and VOCs from 
transportation and fuel combustion.

From 2001–2008, about 22% (676 of the 3141) 
of U.S. counties collected sufficient ozone 
monitoring data to generate estimates of 
exposure that take into account the size of the 
county population and the number of days that 
ozone levels exceeded the National Ambient Air 
Quality Standards (NAAQS). Figure 2 shows 
the number of people living in counties where 
measured ozone concentrations exceeded the 
NAAQS from 2001–2008.

Nationally, the trend in ozone exposure 
is declining, although there are areas of our 
country where ozone levels are unhealthy 
for many days of the year.20

In addition to measuring ozone concentrations, 
new studies integrate weather information and 
patterns of ozone concentrations to gain a better 
understanding of ozone levels, including trends, 
at an even more refined geographical scale. Such 
information offers insights that will aid in devel-
oping ways to further reduce ozone concentra-
tions and individuals’ exposures to ozone.

WHAT IS PARTICULATE MATTER?
Air pollution that takes the form of particles 
or droplets suspended in the air is called par-
ticulate matter (PM). Particulate matter differs 
in many ways from other gaseous air pollutants, 
such as ozone, because it varies widely in size 
and composition and can include acids (such 
as nitrates and sulfates), organic chemicals, 
metals, and soil or dust.

The sources of particulate matter vary based 
on location, season, and whether they are from 
primary or secondary sources. Primary sources emit 
particulate matter directly, whereas secondary 
sources emit gases that react or combine in the 
atmosphere to form particulate matter. For example, 
forest fires, road dust, electrical power plants, 
industrial processes, and cars and trucks are primary 
sources (Figure 3). Elemental and organic carbon, 
sulfates, nitrates, and metals are primary constituents 
of particulate matter.

Coal-fired power plants are a primary source and 
a secondary source because gases from fuel 
combustion react with other components in the 
atmosphere to produce particulate matter. Numerous 
other sources emit gases that react in the air 
to also form particulate matter (Figure 3).

Figure 3. Primary Fine Particulate Matter Emissions 
in the United States by Source, 200522 
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Particulate matter is often classified into three size-
based categories, using aerodynamic diameters 
measured in micrometers (μm). Though the average 
diameter of a human hair is approximately 70 μm, 
PM particles are far smaller (Figure 4)23.

•	 Coarse: particles between 2.5 and 10 um (PM10)
•	 Fine: particles between 0.1 and 2.5 um (PM2.5)
•	 Ultrafine: particles less than 0.1 um.

Particulate matter 2.5 micrometers in diameter and 
smaller (PM2.5), such as those found in smoke 
and haze, can be directly emitted from sources such 
as forest fires (26%), road dust (22%), electricity gener-
ating power plants (11%), industrial processes (11%), 
and cars and trucks (10%). Numerous other sources 
emit gases that react in the air to also form PM2.5. 
Elemental and organic carbon, sulfates, nitrates, and 
metals are all primary constituents of outdoor PM2.5.22

PM2.5

PM10

Figure 4. Graphic representation 
of size of PM2.5 and PM10 particles. 22
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WHAT ARE THE HEALTH EFFECTS 
OF PARTICULATE MATTER?
The size of particulate matter is directly linked 
to its potential for causing health problems. Smaller 
is not better. Data show that smaller particles, PM2.5 
and ultrafine PM, are most strongly associated with 
a variety of acute and chronic adverse health 
effects24,25,26 Because of their smaller size, these smaller 
particles can enter deeply into the lungs. Once 
inhaled, these particles can affect the heart and lungs 
and cause serious health effects. Also, the concentra-
tion of particulate matter in air, measured in micro-
grams per cubic meter (µg/m3), is associated with 
health effects.24,27,28,29 Several large, population-based 
studies of chronic health effects found increases 
in concentrations of PM2.5 of 10 μg/m3 correlated 
with increases of 4%–16% in death rates for all causes, 
including higher rates observed for cardiopulmonary 
deaths.28,29,30

To date, scientists have not established whether the 
biological relationships between particulate matter 
and health are attributable to specific chemical 
components of particulate matter or to the total 
mass, size, or some combination of these variables.31

Adverse health outcomes associated with 
particulate matter (of various sizes and sources) 
include24,27,29,31,32

•	 Increased numbers of hospital admissions 
and emergency room visits for respiratory and 
cardiovascular conditions

•	 Exacerbation of asthma symptoms
•	 Adverse birth outcomes33,34,35

•	 Decreased lung function
•	 Increased lung cancer incidence
•	 Premature deaths

Children, the elderly, people with diabetes, and 
people with heart or lung disease are at greatest risk 
of adverse health effects from exposure to particulate 
matter.1,36

Figure 5. Number of people (in millions) living 
in counties with PM 2.5 monitoring measurements 
greater than the NAAQS 2001-2008 (EPA AQS)21
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TRENDS FOR PARTICULATE MATTER
Like ozone, particulate matter levels across 
the United States are decreasing. PM10 levels 
decreased 27% from 2000 to 2012, and annual 
PM2.5 levels have decreased 33% from 2000 
to 2012.37 Despite these encouraging, declining 
trends, millions of people continue to be exposed 
to PM2.5 levels that exceed the annual average U.S. 
standard of 12 μg/m3. Moreover, new scientific 
evidence suggests that excess disease and death 
persist at PM2.5 concentrations less than the 
current national standard.14,27,38

From 2001 to 2008, about 19% (582 of 3,141) 
of U.S. counties collected sufficient PM2.5 monitor-
ing data to generate estimates of exposure that 
take into account the size of the county population 
and the number of days that PM2.5 levels exceeded 
the National Ambient Air Quality Standards 
(NAAQS). Figure 5 shows the number of people 
living in counties where measured PM2.5 concen-
trations exceeded the NAAQS from 2001 to 2008. 
A decreasing number of persons may have been 
exposed to PM2.5 concentrations greater than 
standard levels.

OTHER AIR POLLUTANTS
Currently, 187 HAPs are targeted for emission 
reductions by the Environmental Protection 
Agency (EPA), states, and localities. In 1999, the 
EPA conducted the first National Air Toxics 
Assessment to focus on estimating the risk 
of cancer and other serious health effects from 
breathing air toxics. The results at the time 
suggested that benzene was most strongly 
associated with increased cancer risk.39 Benzene 
is a product of fuel combustion, primarily from 
cars, trucks, trains, and aircraft.

WHAT IS BENZENE?
Benzene is widely used as an industrial solvent, 
an intermediate in the formation of chemical 
compounds, and a component of gasoline.40 
Based on the EPA’s national emissions inventory, 
the key sources for benzene are on road (49%) and 
nonroad mobile sources (19%) and open burning, 
prescribed fires and wildfires (14%). Residential 
heating from wood combustion accounts for 
approximately 6% of the total benzene emissions.41

OUTDOOR AIR 
QUALITY
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HEALTH EFFECTS OF BENZENE
Benzene is a known human carcinogen, linked with 
increased incidence of leukemia. Acute inhalation 
exposure may cause health issues: headaches; eye, 
skin, and respiratory tract irritation; and, at high 
concentrations, unconsciousness and death. Chronic 
inhalation exposure in occupational settings has 
been associated with blood disorders like aplastic 
anemia. Benzene may also affect reproduction and 
fetal development, although the evidence is less 
conclusive for these effects.41

TRACKING BENZENE
Benzene is the most widely monitored, hazardous 
air pollutant in the United States, but the EPA does 
not have an ambient benzene air standard. Nation-
wide, there are 105 monitoring sites for benzene. 
Emissions of benzene have been tracked for a long 
time, resulting in a high confidence in benzene 
emissions estimates.42 The EPA projects that on 
road and nonroad mobile ource benzene emissions 
will decrease by about 60% between 1999–2020 
as a result of motor vehicle standards, fuel controls, 
standards for nonroad engines and equipment, 
and motor vehicle inspection and maintenance 
programs. Most of these programs reduce benzene 
simultaneously with other VOCs.43

STATUS AND TRENDS FOR BENZENE
Monitors in urban areas, where benzene levels are 
generally the highest, tracked a 66% decline in ambient 
benzene concentrations from 1994 to 2009 (Figure 6). 
During this time frame, the EPA phased in new car 
emission standards, mandated cleaner burning gasoline 
in many cities, and required refineries and chemical 
plants to significantly reduce benzene emissions.44

Figure 6. National annual average concentrations 
of ambient benzene in urban areas declined 
by 66 % between 1994 and 200945

Coverage: 22 monitoring sites nationwide (out of a total of 339 sites measuring benzene 
in 2009) that have sufficient data to assess benzene trends since 1994.

Data source: U.S. EPA, 2010
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AIR QUALITY 
INDEX

PARTICULATE MATTER OZONE

(AQI) 
Values

Levels of Health Concern Cautionary Statements

0-50 Good None None

51-100 Moderate Unusually sensitive people should 
consider reducing prolonged 
or heavy exertion.

Unusually sensitive people should 
consider reducing prolonged 
or heavy exertion outdoors.

101-150 Unhealthy for 
Sensitive Groups

People with heart or lung disease, 
older adults, and children should 
reduce prolonged or heavy  
exertion.

Active children and adults, and 
people with lung disease, such 
as asthma, should reduce 
prolonged of heavy exertion 
outdoors.

151-200 Unhealthy People with heart or lung disease, 
older adults, and children should 
avoid prolonged or heavy exertion. 
Everyone else should reduce 
prolonged or heavy exertion.

Active children and adults, and 
people with lung disease, such 
as asthma, should avoid pro-
longed or heavy exertion outdoors. 
Everyone else, especially children, 
should reduce prolonged or 
heavy exertion outdoors.

201-300 Very Unhealthy People with heart or lung disease, 
older adults, and children should 
avoid all physical activity out-
doors. Everyone else should avoid 
prolonged or heavy exertion.

Active children and adults, and 
people with lung diseases, such 
as asthma, should avoid all 
outdoor exertion. Everyone else, 
especially children, should avoid 
prolonged or heavy exertion 
outdoors.

301-500 Hazardous People with heart or lung disease, 
older adults, and children remain 
indoors and keep activity levels 
low. Everyone else should avoid 
all physical activity outdoors.

Everyone should avoid all  
physical activity outdoors.

Air Quality Index

Figure 7. The AQI chart provides cautionary statements for different levels of ozone and PM pollution. (Similar charts are 
available for other key outdoor air pollutants like carbon monoxide at http://www.airnow.gov/ )46
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PREVENT AIR POLLUTION 
EXPOSURE
Air pollution exposure depends in part on where 
people live and work and the time they spend 
outside. The Air Quality Index (AQI) offers fore-
casts of ozone and particulate matter on a national 
and state level and in some metropolitan areas and 
national parks. The AQI is an index that reports 
daily air quality and any associated health effects 
that might be a concern (Figure 7).

Urban and industrial areas tend to have higher 
particulate matter concentrations, but natural 
sources, such as forest fires, volcanoes, and dust 
storms, can also be a source of high particulate 
matter concentrations. Indoor sources, such as 
wood-burning stoves and fireplaces, can contribute 
significantly to exposure as well.

Filtering systems reduce particulate matter emis-
sions at pollution sources, such as power plants 
and metal refineries. In addition, limits on the 
gaseous emissions that can contribute to particu-
late matter formation, including sulfur dioxide 
from coal-fired power plants, has contributed 
to reductions of particulate matter in the Midwest 
and Southeast United States.

WHAT CAN YOU DO 
TO REDUCE YOUR EXPOSURE 
TO AIR POLLUTION?

•	 Check the Air Quality Index and take steps 
to reduce your exposure to air pollutants when 
levels are high, such as:

-- Reduce the amount of time spent outside.
-- Reduce heavy or prolonged exertion while 

engaged in outdoor activities.
-- Plan outdoor activities when air pollutant 

levels are lower, usually in the morning and 
evening.

-- Avoid areas with a high traffic volume.47

•	 Do not smoke and do not allow others to smoke 
in your living space.

•	 Reduce your use of indoor wood-burning stoves 
and fireplaces and use good ventilation.

•	 Avoid inhaling fumes and skin contact with 
gasoline while pumping gas.48

•	 Minimize exposure to vehicle exhaust.

ADDITIONAL RESOURCES
•	 Air Now at http://airnow.gov
•	 A Guide to Air Quality and Your Health at 

http://www3.epa.gov/airnow/aqi_bro-
chure_02_14.pdf

•	 “About Air Toxics” at http://www.epa.gov/air/
toxicair/newtoxics.html

•	 “Evaluating Exposures to Toxic Air Pollutants: 
A Citizen’s Guide” at http://www3.epa.gov/
airtoxics/3_90_023.html
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